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PREFACE. 

S CIENCE teaclunj on np-to-date lines is engaging at present 
tte attention of the Department of Education and conse- 
quently laboratories on model lines will have to be fitted up erO 
long in each institution. The following pages have been 
written in the belief that they will be of some use to those who 
are engaged in the planning and fitting up of laboratories. 

"When the additions to the Physics laboratories of the Pre- 
sidency College ware in progress, under the guidance of ilr. 
R. LI, Jones, I learnt the technique of the subject.’ Subsequent- 
ly the responsible task of fitting up the science laboratories at 
the Teachers’ College, Saidapet, and the Ceded Districts College 
at Anantapur ivas entrusted to me by the Director of Public 
Instruction. The experience thus gained, the frequent re- 
ferences made to me on the subject both by my past students 
who are science teachers In schools and by the Educational 
Department, and the observations madeduring the visits paid by 
meto laboratories in various high schools and colleges were recor- 
ded from time to time. I have attempted to present them here 
in a readable form. Not the least amongst the factors that led 
to the bringing out of this publication is the encouragement I 
received fiom the Hon’bic jVIt. R. Littlehailes, Director of 
Public Instruction. 

It Is difiicult to give any information of practical value 
applicable under all conditions ; but those who are entrusted with 
the work of laboratory construction will, I trust, find useful hints 
in these pages,' that may beadapted to suit their local conditions. 
The fittings, etc., of advanced laboratories, each of which has to 
he planned and fitted up to meet its specidl requirements, have 
not been included In the scope of this pamphlet. 

This is not perhaps, the proper place to acknowledge my 
indebtedness to Jlr. R. LI. Jones, the late Professor of Phj’sics, 
Presidency College, Jladras, under whom 1 had the unique 
privilege of baviog studied and served for nearly ten years, for 
all that I have learnt under him, but most of the suggestions 



[ ii ] 

tlxat liave bew made ate tamqI; tlic outcotae o! tbe advice 
iQfitruction 1 received at hU hands from lime to time, on the 
subject. 

A pamphlet o{ this nature would he of little use without the 
addition of numerous diagrams illustrative of the descriptions 
contained, and 1 niah therefore to acknowledge the valuable 
services rendered in this behalf hy my brother, Mr. M. S. 
Srinivasa Rao of the Public Works Department, who, at con- 
siderable ])GrBoiial inconvenience, undertook this labottr.' 


M. C.S. A. 


hlAniias. 

7t\ July, mi. 
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THE PLANNING AND FITTING UP OF 
SCHOOL LABORATORIES. 


Inirodntlion. 

Practical instruction in Cbcmistry ar.d Physics Js now 
acknowledged to he a necessary aocompaniment to all theoretical 
or class instruction in these subjects. This practical work re* 
quires suitable rooms and fittings. 

Although the value of the work carried on in school lahora* 
torics depends mainly on the entimsiasm and ideals of teachers 
and the apparatus at their command, the influence of surround- 
ings cannot be over-esttmated. AVell planned, well lighted, 
well ventilated and neatly maintained laboratories encourage 
pupils both morally and physically to do good work. 

The planntog and furatshiog of laboratories often engage 
the attention of science teachers, the Department of Education 
and engineers, each of whom has to share the responsibility in 
adapting the design and arrangement of laboratories to the 
numerous and varied local conditions. 

Owing to the increase in the strength uf schools and the 
importance attached to laboratory trainiug in the modern 
system of education, many schools find their present accommoda' 
tion inadequate and unsuitable, and the question of the provision 
of laboratory accommodation and equipment on a more satis« 
factory basis will ere long have to be tackled. "When an 
attempt is made to convert into a laboratory an existing build- 
ing or.a set of rooms not specially designed for the purpose, 
much inconvenience and ‘unflightliness are often caused, and 
hence it is neecssar)’ that the arrangement of all the proposed 
fittings should have been previously thought out and decided 
upon by the educational officers concerned, before entrusting the 
execution to the engineer. 

Some type designs of laboratory rooms, of working tables, 
etc., have been given, and the general principles involved in 
tlieir making have been discussed. 
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THE ri.ANSlKG AXD riTTINO IT 


Laboratory planning and equipment from the teacher’s 
rather than from the architect’s point of view is the theme of the 
follo^ving pages. 

Diverso as may he the opinion of teachers as to the position 
of benches and the choice of littings, all will probably agree 
that no ctlort shoidd be spared to attain the iollowing five 
ohjects ! — 

1. The laboratory should be capable of expansion and 
modification to meet the growing needs of the school and he 
compact in arrangement. 

2. Fittings and furniture should be bo planned as to have 
all their parts easily accessible and be convenient for use and 
economical in the long run. 

3. Fittings ehouVi be so disposed around the room as to 
minimise the unavoidable movement of pupils. 

4'. The airangcment of benches should ensuie ease of super- 
vision on the pact of the teachers. 

0 . The storage accommodation should bo ample, and wall 
space should be left for additional hxtoies. 

Individual attention to pupils will have to he bestowed in 
practical ebases and a teacher should not bo in chaigc of more 
than 20 pupils, "When the strength increases, a demonstrator 
should help in conducting the piactical classes 

?“0 quantitative exx*eri>nent can ordinarily bo carried out by 
beginners in less than an hour and hence cou'iocutive periods 
should be set apait for such lessons. They should preferably b’ 
the lasttwo periodsof a school day, as extra time will be needed 
by pupils who are a little slow. 

The subject "care of fittings and apparatus ” is not piopeily 

speaking, germane to the topics dealt with here ; but as yp. 

keep of a laboratory in an efficient condition involves special 
attention to these, some hints and .suggestions have been 
appended. 


^.—Accmiimoijalion far scntral mnK. 

Owing (o Ho importance that i, now attached to the tain- 
-ng of the eye and hand aimnltaneoaslj with the mind, practical 
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work in science is rccommendcJ to bo commenced early in tlie 
scliool coarse. Suck work consists cbiefly of n few lessons on 
elementary principles of chemistry and pliyslcs, and in practical 
mathematics, with simple experiments on familiar substances 
and some physical measurements. Pupils in middle schools (i.c., 
those of ages below 11 or 12) are not sufficiently traineil in 
observation and manipulation to benefit by a systematic course 
in experimental science. Katnre study, t e., the observation of 
natural phenomena and familiar things, and the making of 
simple records of their ohserrations is a part of their training 
and with simple appliances such asa knife, a pocket lens, and 
scalpels, simple examination of objects can he made in the 
garden and in the school room on specimens collected for tho 
purpose. Practical work in physics and chemistry is usually 
commenced in Form IV. * 

Animal and plant life, uhich provides the main topics for the 
elementary science course inyower secendaiy forms, needs only 
a garden and a class room. Natural phenomena (meteorological, 
geographical, astronomical and industrial) which are ohsert'ed 
as they occur in nature during excursions, need no special 
laboratory. In lower secondary or middle schools, a small room 
with an almirab, cupboards and a table will be sufficient to 
stock all the apparatus, chemicals and materials required for 
teaching elementary science, and the apparatus needed for anv 
lesion may be easily conveyed in suitable trays to the class 
room. A small glazed notice board 3 ft. by 3ft. and 3 in. deep, 
where the local meteorological lecord®, the Piesidency weather 
charts, etc , are posted, may be fixed up in some prominent place 
easily accessible to all pupil®. 

The experimental science work which is begun in Form IV> 
requires a special laboratory room, with simple fittings for pupils’ 
work and stores. Here the pnpils arc introduced to the elemr*n* 
tary principles of science which are required for the study of 
the more advanced sciences like physiology, hygiene, physical 
geography, etc. These principles can only be learnt tbwugh 
experiments. Plate 1 indicates a suggested arrangement of the 
fittings in a room where the teaching is of this elemenfarv 

• Form l^ U, inMtdiit the lowrst clxss of the nyper »«ccodarjr dei’Artmeat 
I “ Experwentel lessoB ” mea]!! » letnonia obich experimeatj »re perfojmed 
before % elu* by the tcscher to tUoitrste Uw* or to generelrse from their resnlU. 
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THE PLAXSIKO A5JD FITTlKa UP 


nature. The teacliing and tlie practical worlc^ wbere the strength 
Vermits, may be done in the same room. 

It will be observed from the plate that the working benchei* 
are arranged parallel to the demonstration tabic’. The pupils, 
who usually work in pairs, all face the teacher. They are pro-*' 
Tided with stools to sit on, and the benches are so arranged as to 
allow the teacher easy access to every pupil. There should be 
a minimum distance of 2 ft. 0 in. between two benches. The 
lengtli of bench space allotted to each pair of pupils should be 
about 3 ft. G in. to 4 ft The beoches should be about 1 ft. C in. 
wide and 2 ft. 8 in. high, n’ith a vertical board 6 in. high fixed 
to the end of the bench opposite the pupils to prevent the apparo- 
tu*! placed on the table from falling off. Teakwood tops for the 
tables with French polish will generally meet the requirement^. 
The tables provided should in every case bo simple, strong and 
steady. 

A drawer 0 in. deep below the bench top, should be provided 
for each seat to enable pupils to place their books and keep tlie 
table free for apparatus and notebooks. 

Bottles, test-tubes, etc., needed for e.xperimcntB, may be kept 
in shelves ax ranged at the ends of the benches or on the adjoin- 
ing walls so that they may be easily put on the woiking 
benches. 

A generous supply of cupboards will be required for storing 
apparatus. They may be placed along the wall. If the cup- 
boaids are about the same height as the working benches, their 
tops can be used as tables, 

A shelf for pupils’ lecoid books should be fixed to the wall, 

preferably neai the entrance into the class loom, as disturbance 

to the class at work when the books are placed on or removed 
from the shelf by other pupils is thus obviated. 


>.» rr«c{UUM»jn ” i.0Bcio».liichi«ip51*>T.die apywataa tlipmsolres and 
do Komc {xpcriDiciit* nnder ibe traeber’a gntdance, 

tor .wonaoJ.tiDg 11 , 

api aratui baodlcd by tli«ni daring fheir practical work 

l.bl, b, 11. l,„i„ b, 

l.UlM .pr.r.11. for b„ Th, a,o.o„t„i,o» l.u, i, pi„,a „ „ 
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The demonstration table ncotl not be more than 2 ft. wide 
nnd 6 ft. to 8 ft. long. There should be a black board of ample 
dimensions on the wall behind the table and teacher. 

■VThen water is supplied to Tvoiking benchce, separate sinks 
to each seat are unnecessary. A few sinks may be fixed to the 
wall in convenient places, or may be placed at the ends of one 
or two benches. In chemistry work pupils should he provided 
with small waste basins for collecting the waste liquids while 
they are at work. The basins may be emptied and cleaned at 
the end of the lesson. 

Tlie same benches may be used both for chemistry and 
physics. Separate lecture rooms and separate practical class 
rooms are not required for these elementary classes, as the lessons 
are mainly practical, and teaching and demonstration occupy 
hut a small part o! the lesson. The teaching sometimes comes 
at the beginning and at other times at the end of a lesson. 


3. Elementary Laboratories. 

The general science course is the compulsory science part of 
a scheme of secondary education prescribed for all the forms, and 
the accommodation needed for such work has been described in 
the previous section. There are more detailed and advanced 
courses in physics and chemistry which are selected by pupils 
as optional subjects during the last two years of the secondary 
course. For these courses better equipment and accommodation 
are required, as the pupils work individually and not in pairs. 
Quantitative experiments, which are often attempted in this 
course require more apparatus, involve varied manipulation and 
need more space. 

One of the following arrangements is suggested, the choice 
depending upon the number of teachers employed, number of 
•divisions in each form and strength of each division : — 

1. A combined chemical and physical laboratory. 

2. A combined lecture and practical class room for each 

subject. 

3. Separate laboratories and a eommon lecture room, 

4. Separate laboratories and separate class rooms. 
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1. Vot'tlititil Clifmtcitl and Phyjical Laloratory. 

AVIii'ie ill" plrctijjlh nt (lio poloncc seefion js limited and a 

piiif*!" ("fn'li"r I" 111 idinri;^ of nil tlic science woik, sacb an 

iiirnim'’tii"iil urn)- lie |>e)mi(tcd, niid a pingle room can sene 
li'illt fiH ft i‘li"iiil»'nl nml jdiveloal Jabomlorr. There are manj* 
illofiilvnii(ngf'«, hiiMcvor, in mtcli on nrraDgcmcnt. Delicate 
j'litftlcn! ItufiitiiicnlB nin! ft|>|urntuf timy he spoiled bj the fumes- 
ftli'l iii'jt«tiit" tliftl fH«' inse|>nmldft from chemical work. The 
icfiyitil ohrlvi.q Hint hftxc to he placctl on the tallies and the- 
piiil-a «lil"li OH' lU’Citcd nl cnoh P«til for cliemUlrj work militate 
iiMHiiial tli'i fto" HP" Ilf |iliypi<*al iipjuraitiB; luid n class in 
i‘li»>ii!l*!(i,i I'rtiMi'il ho iinmeihiitoU follon-ed by one in physics as 
Ml" lelii'iNnl Ilf llio ftppamtiin used in the preriotis lesson and 
til" fliMinulliu Ilf Mini ii'<|niu'il for the iii’ir Ici«ou will cause 
(1*‘lil,’l In noi'h. As plenty of wall space and of cupboard 
sjiiii 0 hi'lnn honelios is roijniioil for the storing of 

Oiniiiiiiiii n|i}intiiliiii nnil icHitciils nnd of the * indnidital ' sppa* 
Jiilii" fill <'licii»lvnl woik, the pliysical njiparatus will 

iii'i'iKoinHl} linio (o he storcil nl sonio distance, and thus incon* 
teiilciii'O nlll lio felt ill putting tlioiii on the work tables, aod 
hitlil<fiu"‘i mil not lio niK'oinnion. Again, noriving LcauheB 
liHte to li" Hindi' so ns to suit lK>lh kinds of work An ordinary 
tlisinic'ftl ftnthliig Ijcncli nith its sinks winija\o to be provided 
Mifh Hush euvers mid portoblo reagent shelves to make it service* 
fthle fyi I'lijsii'Hl wink. 


11, A eoiiiitticil J.cctiirc anti Pfactieal cfa33rooM for eac/i 
tiifijeci. 

Where the dais U not large (not exceeding 20) a single 
roinn for cnch subject can he fitted up both for teachino and 
piantical woik. Thii is an economical arrangement. ° The 
singlo working benches ' round a demonstration table 4iU be 

sulUcicul to flccommodatefhepupllg when attending the theo 

tical classes, and the double benches 8 bevoml ■«-,n 

.W„. (Se.p,» ,esr^::l— 

“ * ' ■ "''^'"5 ■'“I. !• » mm, hbl, ; 

cap iIJ« onl.v. ^ “uovM pnpiU to work at 

A itoublo^ WOrklQsr im ■ - - ~ 

work stil, tbP lets ficmji: each otlKp. •“’tsHo'U t«o setj of pnp,j, to 



OF SCHOOL LABORATORIES. 


7 


4 he walls will also provide extra space wliicli may be rcquireJ 
for certain experiments in llie practical classes wlicn tho nature 
of the experiments will not admit of pupils working close to 
cacli other. The plan clcvaiioa and sections of a demonstration 
table with single working benches arranged round it are given 
in plate 2. 

A demonstration tablo raised on a low platform is useful 
for purposes of supervision besides serving as a lecture table. 
The height of the platform may bo from C in. to 12 in. and 
the height should be regulated by the distance of the farthest 
bench. The platform should extend to at least 8 ft. C in. 
behind the table to allow for tho ficc movement of tho 
teacher, and a hIack*hoard should be provided on the wall 
behind the platform. Tho demonstration table need not be more 
than 2 ft. broad and 10 ft. long. 

balances can be kept in cases in tlic same room if fume 
cupboards are provided in the adjoining verandahs and 
strong acids are not periniUed to be boiled in large quantities 
in the laboratory itself. 

Plate 3 gives (1) a plan of the arrangemeut of benches 
and tables in a combined class and practical work room intended 
to accommodate 20 pupils, and (2) a longitudinal section of 
the room showing the relative heights and positions of windows. 

The fittings given in the plate are intended for physics 
work; slight modifications will be lequired for chemistry 
work. 

The double working benches should give each pupil a space 
of at least 8 ft. m length and 2 ft. in breadth, and pupils may 
work facing each other. Cupboards should be provided below 
the "tables. In the physical laboratory, two sinks, one near 
the teacher and the other at a central place on the wall, will 
quite suffice. The apparatus needed for demonstration and prac- 
tical work should be neatly arranged on the tables placed along 
the walls and in the cupboards under the working benches. Ba- 
lances may be placed on shelves fixed to brackets attached to 
walls and above the wall cupboards. (See fig. 1.) 

The following modifications will have to be made to adapt 
the working benches, etc., noted in plate 3 to chemistry work. 
A large sink with high taps should be fixed in one of the comers 

c 
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for dcntilnff larf'c jars, bottles, burettes, etc.,' (see fig. 2)» 
Wntcr may be laid on to each seat, and small sinks with salt- 
able drain pipes should be fitted up. There most be a small 
room .adjoining the laboratory where glass^varo and .chemicals 
may bo stored, and where arrangements for experiments may 
niso be made by the teacher in adiaocc of a lessen. The space 
below the benches will hare to be partitioned so as to accommo- 
date the apparatus entrusted toindmdual pupils. The general 
opparatus and chemicals will hare to be stored in ^oll cup- 
boards and in bottle sbelres. (Details of chemical working 
benches, n'sll cupboards and bottle shelres, are given in a later 
section.) 

///. Sepixrnie Zoiorixtories amf a common Lecture itoom. 

'Where the uumbera are large, the same room cannot be uti- 
lised both for teaching and practical work, and separate labora- 
tories for physics nud chemistry with a common lecture room 
find favour Such an arrangement is nece-^razy in the cose of 
large schools with a few divisions ir. each form. (For 
details of a lecture room see page 7 ) Owing to limited 
laboratory accomiuodatioo which cannot be increased, pupils 
uro taken in batches for practical work while for theory they 
go together. ^lorc nork i» thus thrown ou the science teacher 
and special difficultios arise in preparing the school time-table, 
lu cases where pupils take up both physics and chemistry the 
batches may attcud the laboratories alternately for practical 
work while they take their lectures together in each subject. 

As apparatus needed for one subject has to be kept ready 

on the fable >while another subject is being taught, a common 

lecture room often leads to distraction of attention aniono pu- 
pils, even assuming that the fable space available is not cut 
down inconveniently thereby. A common lecture room should 
be .ilnelol between tbo chemical and phrsical laboratories a. 
shosen m plate 4 A email prepamtion room neat to the lectnie 
room is essenliaJ. 


ir. ieeiore „o„, e,o„ 

By far the nest arrangement Jc u 

room aadaeepam.elabora,„.w for each"f .ho “C .‘“Sr 
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and cbemistrr. In lat^c schools where there aro several divi- 
sions in each form, tho science work would ho consideniblj 
facilitated by setting apart a laboratory for each form in charge 
of 'a single teacher. 

4. Laboratory Aecommodatton. 

A laboratory may consist of the following rooms : — 

(fl) For physics — (») a lecture room, (if) a practical class 
room, (*ti) an apparatus room, and (if) a mechanics 
room. 

(i) For chemistry — (0 a lecture room, (it") a practical 
class room, (iti) a balance room, iir) a preparation 
room, (f) a store room, and (rt) a still room. 

Arrangiment of rooms tn a Laboratory. 

All rooms allotted for science work should be contiguous 
and not in distant parts of the school. They should preferably 
be on one floor and 'each room should be so placed as to get 
sunlight reflected into it by means of mirrors when required. 
A separate block-for science is recommended, and if the first 
floor has also to be utilised for science teaching, the rooms on 
the first floor may be assigned to chemistry while those on the 
ground floor may be allotted to physics. A broad staitcase is 
advisable ; a circular one should in no case be permitted. It 
is undesirable to locate the' laboratory on the second or third 
floor as the carrying of apparatus and materials is rendered 
difiicult and risky thereby In any case, the rooms intended 
for one subject should all be on one floor ; a store room and 
laboratory on one floor and a lecture room on another floor 
should bo avoided. 

The science block should have verandahs all round and 
should be piovided with plenty of inlet*? for air and light. It 
should run preferably east to west so that direct sunlight may 
not get into the rooms, and should have sufficient clear space 
on the south so as to allow sunlight into the rooms for eiperi- 
mcuts by reflection from rmrrors placed ontside. 

If the building has to be built north to south there should 
be deep verandahs on the west to keep of! glare and direct sun- 
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liglit (luriiif* working bour^v Siufllctent spaco should be allowed 
for Iho expansion of laboratorr accommodation when needed, 
and finiall outliousca hboiild not bo built near the main block. 

Except in big pcbools all the rooms specified above nee3* 
not bo piovidcd for separately in every laboratory as some 
bo combined in a singlo room. In small schools a tabic placed 

in a corner may bo used for tools and repair work, and there 
need be no bcparntc preparation and balance rooms. 

Tlio arrangement of rooms in some laboratories is shown 
in plate 4-. Positions of doors only ate shown and those of 
windtjws aro not inserted. Roomsmay be arranged in double 
rows with passages lictwcen ^them ot in, single rows. In either 
case, the entrance into each room should he only by one door 
easily accessible to pupils. Considerahlo space becomes avail' 
able if TCraudahs arc protected by iron giatings or wooden pa- 
lisidca and gates arc provided for entrance. . 

Tbo preparation room should ailjoin the lecture room and 
the balance room should be by the side of the practical class 
room and opeuing into it Two lecture looms should not he adja- 
cent. TUero should be as fat as possible, only one entrance 
into the laboiatory. By this arrangement the entrance to the 
laboratory is under the eye of the teacher or of an attendant, 
and the verandah and corridors can be utilised to their full 
extent. 

A dark roi>m isnotneccssary foi elementary work, but one 
may be provided where space permits for facilitating the work 
of the teacher in preparing lantern slides of local scenery re- 
quired for the teaching of elementary science. 

Preparation Room. 


A sepaiate room for the teacher's pieparalion is necessary 
for chemistry work. This room should adjoin the lecture room 
or laboratory and should be provided with a table 10 feet by 
a feet 8 in. by 2 feet 9 in. along the wall and with shelves and 
cupboards for storing apparatus. A sink should be fixed at the 
end of the table and a fume cupboard should be accessible from 
this room. A glass blowing table 3 feet by 2 feet with i 

blowpipe and bellows eboold also be provided." AroolrO feet 
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by 10 feet will be BufTicieot for tbe preparation room of a 
laboratory of this kind. 

A separate preparation room is not nccessarj’ for physic# 
teaching, but when the same lecture room is used by more than 
one teacher and in succcBSive periods, a small room having 
demonstration apparatus stored in cupboards should be provided 
adjoining the class room. A room 10 feet by 20 feet will he 
Butllcient for the purpose, and may be also used as the science 
masteis' common and library room. 

Store Hoorn. 

Ko separate room is required for storing physical apparatus, 
but one is necessary for chenucal apparatus and chemicals. The 
size of the room depends on the strength of the school and 
should in any case be capable of bolding at least a year’s stock. 
The room should be provided with suitable racks and glazed 
almirahs and should be in the custCKly of a responsible person. 

Apparatus aud chemicals should be kept separate. The 
apparatus consists mostly of empty gla«s vessels, light in 
weight, and as they occupy much space, deep cupboards (see 
figure 3) may he provided for storing them. Tbe chemicals on 
the othei hand, stored as they are m considerable quantities 
and consequently heavy, need strong shelving. A rack (see 
figure 4) which may contain seven or eight shelves running up 
to the ceiling of the room may be provided. All dangerous 
and poisonous chemicals stored in more than small quantities 
should be kept locked in special almirahs and should be under 
the direct control of one person. Combustibles like petroleum 
.and alcohol should also be securely stored. A small lack apart 
from the general rack should be provided for storing .acids. 
The planks and legs of this rack should he soaked in jnraffin. 
The floor space about this tack should be paved with non-corro- 
sive materials and should have arrangements for washing it 
when needed. A suitable drain and water supply close by are 
therefore required. 

The chemicals to be used after removal from tbe store and 
the sub-stock may be placed in tbe class room or the preparation 
room. 
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JialflftCf JiooM. 

A separate balance room ndjoiniifg tlio practical clas3 room h 
often rccommctnled for clioinistry work. Tbe protection of tbe 
balances from tlio noxious acid fumes and vapours of tbe 
laboratory is tlius secured. A separate balance room is abso* 
lulely necessary when regular quantitative and qualitative ana* 
lysis forma a part of the school course. During the first few 
years of a laboratory course, however, when the attention of 
the teacher is often needed while the pupils are at work, the 
holding of classes in separate rooms for the balance, tabes 
pupils away fiom his peisonal 6uper\ision. \\'here handling 
the balance is itself an art to be oequired under the teacher's 
personal supervision, a separate room is not desirable The 
balances should theiefore, bo kept in the laboratory along with 
the Working benches. 

In a chemical laboratory, balances with knife edges and 
planes mado of agate and aot of steel are not seriously damaged 
by the atmosphere, but the geoemi appearance may become 
unsightly and pupils are not likoly to ticat them with due 
care. The balances In such cases may be pi ovided with double 
covers. Strong acids, especially nitric acid, should not be 
allowed to be boUed nor sulpbuteited hydrogen generated rn 
the same room- Proper precautions taken by the teacher 
against the production of these acid fumes in the practical 
work lOom will mitigate these inconveniences. Portable fume 
cupboards (see figure h) similar to balance cases may be placed 
in the vei-andabs adjoining the practical class room. Distur- 
bances from wlod wHl be obviated thereby. 


O’ General Uetcr/pltOR of Jlootnt. 

The laboratory sbould be wdl lighted and ventilated, 
plenty of light should come in from the sides and ample 
provision shooM ire maJo for sk, lighla. Tire rooms sloald 
taro Ligl. mails as loll, raof. give a large volnme of air in 
mliioli fumes and vapoora are diSused, Tiers nnsl le onen- 
ing. near the ce.l.ag for the escape of the hot gases 

generateah, the large anarler of inrnereosei Direct SMfoht 

should be excluded from the wortinV Konni ^ unligbt 
should he avoided. ® gb'a 
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Lengih . — Thirty feet to thirty-fire feet is the usual length 
for a room when the hreadth is twenty feet to twenty-five 
feet, and in no case should a pupil he seated farther than 30 
feet from the teacher. No massive pillars should he allowed 
in the middle of the room. Slender pillars may be allowed 
provided they are fixed in such a manner as not to obstruct the . 
free movement of the pupils. 

Breadth . — ^The usual breadth of a laboratory should be 
(24 feet to 80 feet. This will allow at least five pupils 
J to sit in each row. Sufficient space for wall cupboards and 
balance cases uill then be available along the sides of the room 
and a free passage on either side of the working benches will 
also he possible. When, however, the strength of a science 
section does not exceed 1C, a breadth of £0 feet may ho 
allowed as a special case, while this breadth will be found 
ordinarily suitable for other classes of larger strength. Hence 
•converting an ordinary room of 20 feet breadth into a 
laboratory is not recommended except in cases where the 
strength in the science section is small. 

lleight.-^lt the ceiling is fiat, the walls should not he 
'less than 14 feet high. If it is sloping and tiled, the walls 
should be at least 10 feet high in rooms of ordinary dimen- 
sions. In some school laboratories very high roofs with 
balconies running along the walls at a height of 8 to 10 
feet are found. These balconies are reached at one end by 
ladders and are used to accommodate shelves and cupboards for 
storing apparatus. Such an arrangement is not desirable as 
the carrying of apparatus up and down the ladders is risky. 
Sufficient storing space should be provided below the working 
benches, aud in wall cupboards. Separate store rooms »adjoin- 
■ ing the practical rooms on the same floor are preferable. 

Floor Space . — ^Thirty to thirty-six square feet of floor area 
i^er pupil is a smtahle allowance for a general laboratorv. 
This space allows for fittings along walls, demonstration table, 
general sinks for cleaning, balance cases, etc. 

11 indoKS. — Windows should be in pairs and opposite to 
each other, the space between any two consecutive windows 
•cr doors and windows in the same wall being not more than 
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5 fict. Iitcronfcd wall space lor storing apparatu? can I® 
Ktiircfl l)y tlip proviaioii of only one entrance into the room, all 
the «)tlicr openings \)Cmg 'nintlo^vs• Windows should have 
thoir hIIIh at n height of 3 lect from the floor, the spacc'below 
the window sill being formed into a recess to accommodate 
a kUcU or cuphoaul. (See figure 0.) The total wall space 
tnhoii up by window B and ventilators should not be less than a 
fourth of tho floor space. The size of a window should be at 
Icael i feet by 5 feet. It should be provided with wooden 
jiatiellcd filmttcra and glazed shutters tho latter to be used 
during working hours as a protection against stioug monsoon 
winds. 


It is an advantage to have blinds for the windows. A 
black fiibriP which can Iio drawn on a rod or wire across the 
window will servo the purpose Boiler spring blinds are not 
recommended as they aie costly and need frequent repairs. 

Airanffewent of Benches . — ^Thc dibposition of working 
benches is a mutter of considerable importance The arrange' 
ment of benches should bo settled before the plan of the loom 
is drawn up, due consideration being given to the masimum 
number of so.at 0 to be provided. The arrangement should be 
such as to allow easy supervision by tho te.rclier from his seat, 
to give free space to the pupils to move about w’hen necessary, 
and to allow the teacher to attend to any pupil without dis- 
tnthing tlio othets at work F.iulty dibtnhution of light and 
shadow’ will aQecl the pupils’ cycbight and also render the 
work of obserration with scientific instruments difficult and 
unreliable. Working benches can be arranged in various ways 
ns shown in plate 5 , 

In thocaseof classes exceeding 80 in strength the length 
of the' practical class room will necessarily hare to he incieased 
to 40 feet or more. The teacher’s Uble may be fixed m the 
conlre of tLs room will, the workinj teoohes placed oo either 

:itS7e^ 

.och'r’™ .z 1 

-n. e.oiTS' 1; 
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should he home in mind that cnltingi will have to be made in 
the floor for the various pipes leading to the worhlng benches 
and lecture tables and for the ncces«aty drain’<. Concrete 
flooring owing to unequal setllement, cracks on the surface, 
becomes cut up uncNcnly and needs frequent renewal. Cuddapah 
slabs are cold to the feet and unless smooth and polished ate 
not easily washed and dusted. Asphalt Hooting is not recom- 
mended as the surface becomes uneven when tables and stools 
are placed on it. Square bricks with good pointing may he used. 
They arc easily cleaned and’ are dry and comfortable for bare 
feet. The level of the floor shouhl be the same throughout the 
laboratory and the top surface of the sill of door frames should 
al'50 he in the same level, lu no case should the level inside 
a loom be uneven The pipes should nm along open drains 
covered with iron gratings flu«h with tho floor level [for details 
of drains see page 82), 

Vails . — Briclis are to he preferred to stones ns it is easier to 
insert fittings when walls aro made of the former ^Yooden 
blocks piovided at regular intervals while the wall is being 
built will bo found useful when fittings are being put up. The 
walls should he plastered and have a smooth, glazed and durable 
surface, ^'hite paints may be used to glaze the surface. 
Strong colours should not be use<l. Empty wall space can be 
advantageously relieved by suitable and ingtiuotive pictuies. 
Portraits of celebrated scienti«ts and enlarged plans ofappliances 
and nppamtns can be evhibfcd 

Inaccessible corners and projections should be avoided. Il'here 
openings for ventilatois ate made at a height, the lower suifaee 
of tho opening should be sloping and not flat. (See figure 8.) 

Tbo wall space between the sill of a window and the floor 
of the room is usually wasted By having a single layer of 
hri<.k<! for this portion of the wall and fitting up a cupboard or a 
series of shelves in tho recess so obtained, this space can he 
utili<ed. (See figure G). 

\\ hen ventilators are fitted into the walb, they are often 
pro\idtd with glazed swinging shutters manipulated by double 
conls hanging dovtn the wall. Sncji cords are unsightly and 
cut oC much wall space which might otherwase be used for 
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fiUfng up apparatus obarts, etc. To overcome these Jis* 
iiilvanlagcs, ventHatore may bo of a fiie<l pattern. The plan 
of a double glavcil fixctj ventilator is shown in figure S, 
Snell an ari.in^cment enviire-» free ventilation and light and 
prevents the ingress and egrois of birds, etc. The t'vo glazed' 
flJmttcrfl aro not in one vertical plane. 

Not infrequently room-j have to he partitioned after cons- 
truotioi) Briok nogged partitions are recommended as they 
oeeiipy little Bjiaeo, arc light and can he erected on a first floor 
oven when there is no wall on the ground floor corresponding 
to the paitition 


C. DetatU of Jf’orltn^ Jienc/ioa. 

The tables used by pupils for practical work are usually 
known as working benches They are either single or double, 
single being intended to 8e.it pupils on one side only while 
double benches nccommodato tiro rows. Single benohes and 
their details have been described already (see page 4.)* 

Pouble benches should be three to four feet wide with a length 
of about 8 ft. 0 in for each pupil. Table tops formed partly 
of hinged planks eupporte<l on binged brackets are unsteady 
and give rise to new difBcoltics in dealing with apparatus. 
They are therefore not recommended. Benches should be placed 
aufTiciently apart to alloiv o person to pass fiCely between two 

pupils who are working back to back in two adjacent seats or 
benches. They should be placed across the room or lengthwise 
between opposite pairs of windojvs so that the shadows of pupils 
way not interfere with their work. The table should he bo 
placed as to leave a space of at least 3 feet between it and the 
wall, and where cupboard and balance shelves are attached to 
walls the distance should not be less than 4 feet C in 


obse 

st^. ^»ch . irigu i, co„vo„tori,;“pi'pi7h“t 

»,t on » . ool to moke mljneWt, on nppnmt,,, placed on the 
InUo and ptepete reconls, Tts hefcht of " fjt in - f • 

ooUehlotop„plU„ho,en,emBe aso i?il - 
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The top of the bench may be made of teak of about 11-incli 
thick. It should be well planed aud ^*arnishcd. Teak 
the action of acids and alkalies very well and withstands heat. 
The top should have a free edge at least two inches wide all 
round to enable clamps to be used for fixing apparatus. For 
this purpose, tbe rims should not be rounded or bevelled, but 
should be rectangular. 

The dratv ere provided opposite each seat should be at least 
six inches deep and should have stops on the sliding frame so 
that they may not be pushed in farther than the front surface 
of the legs between which they are placed. They should be 
made to work smoothly between guides without lateral move- 
ment. The height of the frame supporting the drawer should 
be such as to allow free movement of the knees of the pupils 
seated on the stools while at work. The heightof the stool 
should be adjusted so as to permit the pupils to sit at the table 
comfortably. 

The cupboards below the drawers should be less deep than 
the drawers and should leave sufHcieutksee space for the pupils 
to use the table top cooveniently and avoid unhealthy postures 
while writing. 

There should be at least a space of three inches between the 
floor and the lower surface of the cupboard so that the floor 
may he washed when leqoired. 

Short working benches, say, four feet long, which would 
seat only two pupils, are not recommended for elementary 
laboratories as they are costly and lead to waste of space. Long 
benches intended to seat more than five pupils on either side 
ought also to be avoided as the pupils seated at the centre are 
not easily reached. No bench should be longer than 17 feet or 
shorter than seven feet 

As the bench tops are designed for the convenience of pupils 
while standing or sitting, tbestools should generally be two feet 
high, hut as this height prevents the shorter pupils from having 
their feet on the floor while seated, the bottom plank of the 
cupboard may be made to project by about three inches in front 
to serve as a foot-rest. Such a support allows pnpils to stand or 
sit close up to the bench while at work. 
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P/iyaieal irorling Bench. 

In plate C are set out tliedetalls of a bench for eight pupHs. 
Only one drawer is providoil for each seat. It is wide enough 
to hold a dra\\ing board. 

A physical bench roay have fitted on to it in. the middle a 
horizonl.iI wooden rail 2 inches by 3 inches running the whole 
length at a height of 3 feet above the bench top Details are 
fhonn in plate 9. ^fhe rail will support the gas pipes and may 
he provided with hoolcs at suitable distances for suspending spring 
balances, etc. The rail may also have vert'cal iron rods fixed 
on to it along which mar run rings and adjustable clamps for 
supporting flasks, clamping tubes, etc As it may be difficult 
for the smaller pupils to reach tbe books if a single rail is 
placed above the oentie of the table, double rails one foot apart 
may be provided in place of tbe single roil as shown in the 
plate. 

As the cupboards below may be used foi storing physical 
apparatus, tbe partitions between opposite scats may be dis- 
pensed with. Such an arrangemcDt will also facilitate the 
ftoring of apparatus of larger dimenrions than can be accommo- 
dated in cupboards placed along the walls. 


•Chemtc^l ff'oritrff Bench. 

Plates 7 and 8 contain the detailed sections and dimensions 
of a chemical working bench intended to seat eight pupils A 
Loiirontal rail supporting the water and gas pipes without 
iuterfering with the tabic space is laid over the table along its 
length. The cupboards below the bench have a horizontal 

shelf plank forming two shelves in each,- and this plank is cut 

off at one corner so as to ba\e the whole height of the cupboards 
available for bolding tall apparatus, t e., funnel stands etc 
The sinks arc common to adjacent pupils and are fi^ed indepen- 
xlently of the drawer and ciipboaid spaie so that the joints and 
drain pipa'nuy b« ainmjnea periodnall,- and kept in oood 

repair. Small traps „it!. partitions capnlde of holdin" Ii.lf a 

doren bottles of „ ct and dtr rengcnls may lie pot on The table, 

,1 lien tie pnpils begin their nrott nod bo removed at the end 
of the lesson to side .helves on the nail or at the end o he 
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■tabic. These trays will W suQicient for- high school work. 
Tor •work of a more advanced natnre involving the use ol many 
reagents, bottle racks capable of holding about two dozen bottles 
OQ each side arranged in two or three rows (see plate 9) may be 
in the middle of the table and may extend to about half the 
Icnf'tb of each seat. These shelves shonld not have •wooden 
doors as the teacher from his seat should have a clear view of the 
pupils (For further details see plate 9). Further sliding doors 
do not work smoolbly after some time and hinged doors often 
disturb the bottles on the benches or on the top of shelves. 
Open shell es, however, accumnlatc dust, etc. 

Opposite each scat are too drawers and two cupboards with 
separate locking arrangements. One set may be assigned to a 
pupil of one class and the other te one of another class, so 
that the same table may be med by two classes in different 
periods. 

In plate 9 are given fmtbcr details of the additional fittings 
that may bo att.iched to the physical aod chemfeal benches for 
greaterconvenience of work. Tho reagent shelves are of an open 
type I foot C inches high, 1 foot C Inches long and D inches broad. 
Fach shelf can hold three lows of reagent bottles on either side 
and cross reepers arc fixed midway to keep the bottlep within tbeli 
half of the shelf space on either side. The edges of the bhelf 
planks are providwl with slightly projecting stops in front and 
the sides of the shelf aie planked while the front is left op en. The 
fittings below the bench top arc not shown in this pUte. 

Sinls. 

Sinks should he of white glazed porcelain as this material 
can be thoroughly cleaned. For pupils' benches the most suit- 
able size is 10 in. by 8 in by G in (inside measurements/ 
and iO in. by 10 in. by G in. lot the lecture table and washing 
sinks along tbe wall. The latter should b3 provided with out- 
let, and overflow at the side^ and* all should be fitted with 
perforated fireclay stopper*. 

A sink common to two adjacent seats is preferable to one 
common to two opposite scats or four (two being on either side) 
and tbe nearer edge of the sink should not be farther than 
C in, from tbe edge of tbe table. On tbe working benches the 
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iinli’i Itij'ii ulioiiM 1)0 |>ron‘{lctI trith screw down ralvos and 
nn//Ion imil the Rpecial taps on the Li""er 
i>li(i(ilil Imvo I w «) iiMe fnjH nml the central nozzle should he at a 
ln’l|',hl ef in III. fioin the table top, (See figure 2.) The fop 
Diitriir'o of (ho tihilc Hliouhl be flush with the table surface, and 
lilt' pIiiKm oiimmon to ndjacei.t seals may be provided with 
wiiikIcd ooNorH. The arrangement will add to the tabic surfaco 

lunlliililo in experinionls where the fop is not frequently used. 
y\ Imlo nlumld ho (IrllliHl through these covers immediately below 
i he »oz,5l() of ( )»' wafer lap so that any water dr/pping from the 
(ii|i Clin piWM into (ho sink when the cover is in its place. 

tl\cry sink nhouhl drain directly into small washing sinks 
wllli ryphon outlols plaeinl on the fioor and near the drain so 
(hot Hiiy »iliong n<'»lo tJiiowM iato the ehifc by chance might he 
diliitcil In (ho woHliing sink-boforo running into the drain. 

'I’lio Himeo liohm' tlio fink cotild bo provided with a shutter 
and iiilglit ho nsisl for retoil stands and other tall pieces of ' 
ti|ipiitalnit Kupplicil (<> indiviihiil pupils. It could also be used 
fur (he ' wiislo box ’ into which should bo tlirown broken pieces 
(if gliwH, usc<l niatolies, ub« 1 up filter papcis, etc. Such articles 
slionld iiou'r h*' (brown into tho sink The box should be left 
i)Nti>iilu tlio I'liplioiird dining woikiiig periods ami sboidd b© 
ri'pliirod in the cupboanl after emptying it at the end of a 
lo>'Kim. Tin in the best material for such boxes. 


7. Ictlntc Kooma and Filtinga. 

TJie loci uio loom in n science block is usually planned to 
accoiuiuoihito more Ihuii tlio usunl number of pupils that can be 
nibnittcd into n olsbS, for occasions will often arise when more 
(hn,u one general cI.hs will have to be brought together for 
Inntcrii nml other lectures on scientific topics There should be 
imlcpondont access to this room so that it may bo used even 
vvlion all the other rooms of the laboratory are locked up, 

JnpktcNo. lOhgivfiltlie plan of a lectmo room rvitt 
11, « roam .. 24 ft broad an.i 3B ft, (, “ 

,c.l,ng aroommoJalion for SO papk It c„„,a nocom^dafe- 

Th~;„ V" « 

... on n,ason„ platform, and tbo laat ttrS roramr: 
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trelUs Tvoodcn frame, tlic mOcs being plankeJ and the inside 
being Cited with shelves. The siwce bo partitioned can bo 
for storing purpose*?, and is accesiible through one or two door- 
^TaTB from the verandah behind the lecture room. There is jio 
platform provided for the lecturer. The positions on the nail 
of the rolled bntern screen (Ii. S.) and diagram £ ame (D. I' ) 
are also indicated. In figures Nos. 2 and 3 of the plate a 
platform for the lecturer aud c<iual stepped galleries for pupils 
are shown. From the inclined line*? drawn in figures 2 and 3 
it will be seen that all the pupils cannot have an uninterrupted 
view of the teacher. This defect is minimised by providing a 
raised, platform for the IcAurer. This plan of gallery is often 
adopted in class rooms for literary sabjcct-s. 

The windows in the lecture room should he provided with 
blinds to he drawn op when the lantern is used or bQ fitted 
with both wooden and glazed shutters. Ventilators close to the 
floor level and near the roof should be provided for fieo ventila- 
' tion without admitting light. 

'There should also bo a long black board not less than 7 ft. 
by 4 ft preferably with .a sliding mechanism, and also a 
squared black board. Sufllctcnt wall space should be available 
behind the teacher for putting up plans nod maps. A tolled 
screen in a suitable case for projecting lantern pictures may be 
attached to this wall. It can he manipulated with cords. 

For carrying diagrams, a light trellis frame 8 feet broad and 
10 feet long, may be suspended in mid air by pulleys and ropes 
from the ceiling, a lUtlc behind and over the lactnrer's head. 
It can he lowered or raided and the diagrams may be con- 
veniently removed or put on, for which purpose the articles of 
the stationery shop known as ‘hull-dog' paper clips will be 
found very useful. Drawing pins destroy- the corners of the 
diagrams ultimately aud they are not so good as the clips. 

Plans and details for physical and chemical lecture tables 
suitable for a room 20 ft. broad are given in plates 11 and 12. 
The length of a lecture tablo depends on the size of the room. 
For high school work a table 10 ft. long will generally be 
sulEcient for phj-sics, while for chemistrj' work a length of 12 
to 14 ft. is to he preferred. Three feet is a suitable height. 
Eveiy lecture table shouldhaic gas and water laid on at coQ' 
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vf'nlf'fil iif'lnlp. Oft* Injw S ft. npart rhoulJ be fixctl at diSerect 
I'l ii r<i oil (l»i ln}i]('. Tlie ccnlml bay in each table is prorideS 
iTilli n iliauer, luicl (bo tijnco bclo^r, wliicli is left opener 
(IUmI II |i ullli It ttiiMow rii|iLo.irt!, nllotra room for the lecturer’s 
l.firi -j 

'Mio pjiln of (bo lecture (nblo townnls the cla'is is panelW 

tvlilln llio loi'liirci'ii Nule i-t cmueitcil into cupboards, drawers 

find o)><'ii mIii’U'i'm to bold tin* vnnniis (ifunds and miscellaneoas 
ploci ft roi/tiiird in tlciiioiiRtmlion worh. ■\Vater is laid on each 
bilile, Ibo pjhbft botii}* lower limn the table and supported on 
biiM'kf-lft iittnchcd to lilt ridcH. The clicnjistry lecture table, 
liKelilnq Iiittjii)f (wo utui (ApA at ifs ends, has extra rrater 

((•(•a in (III) middle for uso in connection uith condensers, etc. 
J'i'fj aIoIxH ftio pruvidi'd lit (!:e«-e laps. 

'I'lic tnblo to{iH arc ti«imlly made of fc.ih and the tree edge 
of (ho pbiuh is broad ciiougli for clamp* nnd for carrying gas 
and water iijp'o* on tbo lower Huiface. 

|l woiibl be (■oiitciiioiit III clH'inica] laboratories to hare a 
cuvboittl or It Kcrits of niichcs on the batk wall for reagents, 
jiirs, lifillles, cte., svbicli maj l»o readily accessible to the 
(eti<'lior» Tlio fume ctipboard xhoiild nl»o be in the bach wall. 


A phitlorm for the IcitberiH not lecommcndcd as freedom 
of movement is restricted nad there is the risk of tripping 
dtiring deinoiislfnliou work. 

The Ici lure table may be provided with an optieal lantern, 
a Killer screen being put iip on the wall opposite. It would be 
nn advantage if tbo picture could be projected on the wall 
Udilnd the teacher or on a screen across a corner. Pictnres when 
cxliibiled in sneh n iweition can be seen direct by the whole 
class, wbilo pictures projected on a side-wall are not properly 
seen by tbo pupils seated close to that wall. 


flirf/rry.— Large classes should be provided vn'th galleries 

whicb will enable the popiU to have .an uninterrnpred view 
of what is placed on the lectnre-table. For this purpose the 
line of .igbt from the eje of a pep!! fo Ho , 

Icartrilinchonhoretheojo-IeTelofa popil ia (he 

.10. The rlop.„~ Imes rttaair-m f,gare I of the plate ate drawn 
Irom the <'J<'-Wofapapillothatoftheleel„rcrinhi,seat 
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tbe lines being drawn for different rows. The lino of siglit 
drawn for one row Las a r»<e of sir jnebes over that of (he 
preceding row eo that a pupil in a row can look over the head 
of the pupil in the preceding tqw and thus all pupils in a row 
can always have an uninterrupted view of the lecturer however 
closely they may be seated in the preceding row. 

There should he three gangwaj*s in a gallery — one at each 
end and one at the centre. The breadth should be at least two 
feet (2 ft.) and the central gangway should extend upto 4 or 
5 steps at least. The central gangwaj* enables the teacher to 
approach all the seats and is particularly helpful in conducting 
exercise classes when the note-hooks of pupils have to be 
examined while the pupils are seated. Each landing should be 
at least 2 ft. 9 in. broad and be reached by e.isy steps. The 
windows at the sides of the gallery should he raised to the 
height of the seat opposite to them and the shutters when open 
should not project into the gangways but should bo folded 
double and placed on the sides of the windows. Tie shutters 
opening outwards should have hinges to keep the window’s Hush 
with the wall when they ate open. 

Ihe landings of the gallery when constructed on a trellis 
frame should be planked in front am! on the side'« The falling 
of books, pencils, etc., on the floor and the accumulation of 
dust and rvibbish in inacccssiblo jilaccs will thus be oided. 
The space .below the upper stages ihay convcniciitly bo utilised 
for storing apparatus as shown in plato 10. 

The benches should have sloping backs, and the space 
between the nearer edgo of the seat and its desk should bo at 
least five inches so as to allow pupils to move along the bench 
freely or to stand comfortably. 

The backs of the seals should never be fl.at ; they bhould bo 
sloped to the back of the- student and the seat made thoroughly 
comfortable. (The details of the slope aie not shown in the 
plate). The small additional cost required for this comfort is 
rcalFy an economy on the ground that the brain poner of the 
teacher is the most valuable article employed and a waste of 
that, attributable to inattentiveness in the audience cau'cd by 
uncomfortable postures shoold be avoided at all costs. 
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Tlie acoustical projicrti’es o£ a leclurc-room depend on tHe 

iintiiio of tlic surface of t)ie walls, floors, etc., on the air space 
IjC'Jiiiul the feaclicr and aliO\*e tlio scat*!, and the general direc- 
tion of the wind. A large amount of empty space ahovc and 
behind the lecturer should he avoided. If each pupil lias an 
uninterrupfed view of the lecture-table and the lecturer, the 
Iccturt-r’s v'oice will ho better hcaid. 

3’^or hinteru lectures, one of the seats and its desk in the 
liist ron (see the plan in plate 30) may ho covered with a 
temporary platform wbichuni just accommodate the optical 
lantern. The acotjlcno generator can bo placed holow. Pic- 
tmcs can tlicn Lc projected on the sciecn behind the Jecture-tahle. 

In plato 13 arc detailed the dimensions of the parts foiming 
a scat and the desk and landing of a g.illcry. The fiont row 
of clcHks is shonu {lanellcd; the seats me formed of equally 
spaced iccpcrs, tho top smfacc of which is given a suitable 
cunntiue. TIio lack of one row is fixed to tlio desk and sup- 
ports thu next higlicr low Each binding is 2 ft. 9 in broad 
Tho rihcs (ll.U.R.) of tho landings in the hack lOws are panelled 
to enoloso tho store behind the gallciy which is accessible by 
(liQ back doors Tlie planks P, and Pg indicate t)ie shell es iu 
the store. P^ is shown m elevation being the shelf plank on 
the ekks of the gallciy and Pj is shown in section being tho 
plnnk in tho shelf parallel to and below the scats in the gallciy. 


6 Ifciatls of Special f'lttmffs 
V'o^lshop ’. — Nolaboiatoiy can be consiJeicJ comiilote with- 
out on equipment for mabiiig simple nppaiatus and executing 
minor rcpaiis Even in schools having manual tiaining classes, 
Xirovixioii for this puii>ose with special fittings, for metal and 
wood woik, etc., hlionlil be made. Such equipment besides 
enabling the Inboratoiy work to bo doue without interruption 
allowfiinany impiovcmcnts su^rcstci] by teachers and pupils 
during the eoiirbc of practical work to be ramVd 
and tested. Since it is tie labour end direction that co»t more 
II, an the mnteml. cmplojai, it will he «ojioniicnl in tholoin. 

ilintoliavoaworWiopaltaeLBltoHiohhoratoiT There i. an 

achlitienal adt.nlage of nffo. J;„g » prelin,;„n^ t„;„; 
of tho I'opiKasbaie a tasleformcclmnical uoik. 
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A set of tools rc<iuired for wood-tt'ork and metal wor» an 1 
benches specially made for the purpose nre necessary. The 
elevation and section of a tool chest ts given in fig. 10. A plan 
of a bench for wood-work isshown in plate 14. The bench is 
4 ft. by 2 ft. 8 in. high, with three drawers .it one end. The 
■top is made of teat of 2 in. to .I in. thickness supparte<l on legs of 
4 in. square section. Adjustable wooden stops with screw adjust- 
ment for height arc provided at the corners. The table top has 
at its centre a depression of 1 in. running along its length, its 
breadth extending to a third of the breadth of the table. This 
depression is intended for the ordinary tools while they are in 
use. A carpenter’s instantaneous grip vice is fixed at one end 
of the bench. 

A workshop with a small 81 ft. lathe, one set of tools for 
metal work and another for wood woik, a glass blow-pipe table 
and a soldering table with accessories will be a very useful 
adjunct to a laboratory in a big school. An intelligent carpen- 
ter can be easily trained to do all the requisite work. 

Such workshops aie best located in small outhouses away 
from the mala building but easily accessible from it. 

Black lanrd . — Plain blackboards should be provided in the 
lecture room and in each Uboratory. There should be also a 
spate blackboard with squarcil while lines on it one inch apait 
uith every fifth line marked red for putting on plans, graphs 
and diagrams. These boards should be attached to the walls 
as boards on easels occupy too much space. Portable separate 
stands for sliding boards are unnecessary. The frames for 
sliding boards should be fixed to the wall behind the teacher. 
The boards can bo eounfer-weighted by a cord and weights at 
each end sliding into a hollow frame with a pulley at the top. 
I Icxiblo wire ropes are to be preferred to cotton cords for the 
6nsi>ens{on of the sliding boards. "When the board is fixed the 
bottom edge should be about 3 ft. above the floor. An addi- 
tional board can be provided in tbo Chemistiy class room by 
nttachmg a sliding board as a counter-weight to the sliding 
doors of the fume cupboard which should be fixed to the wall 
behind the teacher (sec plate 17). 

The board should be made of teak planks one inch thick and 
coated with a black naint which nre>cnts ^ smooth Lnt not 
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a polialicd surface. A gfoored shelf about SJ in. wide fised 
along the bottom edge of the blackboartl js useful for c.ntchin? 
the dust and liolding the ehalk. 

Tlio a>sbestos cement material known as ‘Eternit’ and by 
other naniCfl makes excellent blackboards; it is light and cheap 
hut since it is brittle it should be used only for blackboards 
allixcd to walls. 


Gaa Supply. 

Gas is more eonveajent than k'eiosine stores or spirit lamps 
In elementary laboratories provision for gas may be madC/ 
but it is not absolutely necessary’. In large schools it will be 
economical to arrange for a gas supply either from a gas main 
in the neighbourhood or f I om .a special installation. Gas for 
heating purposes is usu.ally laid on to working benches and 
lecture tables at suitable points and double taps with nozzles 
for attaching rubber tubing ate pioridcd in the middle of double 
benches. Tor blow-pipe uoik, special tables may befitted up 
with special gas taps. 

If a ejiecial gas installation * is decided upon, a COO u. ft. gas 
holder With a cemeut tank and small producers will be found 
suitable. « 

In tlie absence of a gas supply, a pan of aetna burners may 
be used vitb kercsiue foi high tempeiatures aud strong heating 
I'rimus stoves niaj* bo used for rapid beating and boiling work. 
At i til care the former can be used foi glass blowing Keioslne 
and spirit blow pipes worked by a foot bellows are also available 
in the market but they are not very sat'facfory. For oidiuary 
healing a spirit lamp, tbongh » cry feeble, will be found suffi- 
cient for very elenientaiy work 


V'ater Supply. 


A wnlcr .uprly IcnO. to neatness and nuictncss of tvork. 
I'orclicinieal « oik there sboald be a water tap to each seat 
"bile for iibpsical wort water taps map be fiaej at convenient 
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places. OwiD" to the size of certain apparatus the height of the 
tap ahocc the sink retiuires carefni adjustment. Taps of special 
oatlerns have to he provided for developing tables Cited up 
within the dark rooms. 

Water should always he supplied with some pressure from 
u reservoir placed at a height, u'ually ou one of the walls of the 
building. Direct connection of the taps with the town mains 
is not recommeaded as the supply in the laboratory cannot bo 
relied upon for uniform pressure and quantity. A cubical iron 
tank 3 ft. or 4 ft. cubed will.be found snitahle for the reservoir. 

The taps supplied to each heocli shonld have a control stop 
•ock at one end of the bench and there should also bo a main 
cock at the reservoir controlling the whole supply, The tap 
fitted at each seat should be of a screw plug type so as to 
regulate the supply of water and prevent leakage. Ordinary 
turn taps leak wheu they wear out and the flow cannot he 
adjusted. 

Where both water and gas are supplied, the pipes carrying 
them should be painted in different colours. The taps also 
should be different in appearance, t.Q., gas taps of lever type 
and water taps of screw type. 

The supply mains should always be o! dimensions which 
will carry a greater quantity than may be ordinarily requiretl. 

Sinhi, 

Sinks of various dimensions are needed in every laboratory. 
They are made of different roateriale, the commonest being 
glazed stoneware*. Such sinks are relatively costly and their 
joints with waste pipes tequire frequent attention. Enamelled 
iron sinks are sometimes used as they are light and less costly, 
but they do not last long. Siuks made of wood and lined with 
lead arc also used, hut they have ccitain disadvantages, such 
as an uneven surface, the tendency for water to splash up 
when used and a dark appearance. They are, how’ever, un- 
avoidable when large sinks of the other varieties are not avail- 
able and in cases where sinks are renoired for soldering ♦-il-lno 
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Sinks aro Bomoti’mes platcil across a double bench so as to 
bo within (ho reach of fonr pupils. They are in such ca'cs 
20 iiicbcB by 10 inches or 18 inches by 12 inches {internal dimen- 
filone) and fi inches to 8 inches deep. Sinks of smaller dimea* 
Hionfi 12 inches hy 9 inches (inside) for the use of two adjacent 
jmpils nro to bo preferrod. There ehoiild be one or two large 
Milks in the loom where a larg;o number of bottles, flasks, etc., 
may he clcaiicd nt a time. A vcrtieal board of teak attached 
to the hackwall of the sink and provided with inclined pegs 
foimiug ft thftining boanl is a desirable adjunct to big sinks. 
(See figure 2.) 

Big 'binks intended for washing battery jars, acid bottles, 
etc., in changes of water should ,bavo two nutlets, one at the 
bottom and the other at (ho side at some height, both leading 
to the ►ame drain pipe The drain holes at the bottom of the 
fink are usually provided with peiforated etoneuoie or ebony 
sfojipors which prevent pieces of paper, matches, etc., from 
getting into the drain pipe. Some aie provided inth solid plugs 
uhich allow the water to accumnlafo in the sink to the icquircd 
depth for washing pinpo'cs Larger sinks arc also provided 
with hollow cylindrical stoppers with perfoiatioos at the (op, 
8 to '1 inches above the hoitom level of the sink. This pattern 
of etopper or the provision of an outlet at the sides near the 
edge, serves the sanic purpose, namely, the accumulation of 
water uj> to o ic<]uirc«l depth, llie excess water being drained 
awaj. In these two cases, it is assumed that (he tap above 
is left open. 


polite S/ieUes — All the soh'd and liquid reagents to be 
supplicil to pupils, and salts required for practical work should 
bo kept within easy reach. As some of these articles will be 
consumed in large quantities while others will be used only 
oocasionally, bottles of dilTeront sizes are required. Suitable 
shches for the bottles should he fitted up. Apian, section 
.„a cIev.lion of a .belf are giren in pl-ite IE. Separate sbelrea 
for liquia reagents and for bolfas are recommendej. 


■n-Iicn tie classes arc farge, moio than one shelf for each 
vamlyot reagents, rill hare to be proviJea in aittcrent part, 
of the room. i 
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The lower part o£ reagent Fhclres are generally for 
tbe common apparatw* issued tccasionally to puplU fucU as 
btirettcs, pipettes, and crucibles and gas jars specially mod in 
some experiments. The sbelvcs need not bo more than S inclics 
deep at tbe top and 12 inches at the bottom, and should bo 
screwed on to plugs Gxed in tbe adjacent walls. 

BalancC'Caiti anti Shehei. — Balancc.s used in \ cry elemen- 
tary work, such as is usually done in I’orms 111 and IV rcc<l 
not bo pro\idcd with cases nor need they be of delicate work- 
mansbip. They may have steel hooks and suspenders. They 
need not have knife edges. Weights smaller than OT gramroe 
are not required. 

The physical balances intended for tbo higher forms should 
be able to carry 250 grammes in each pan and be sensitive 
to 2 or 3 milUgrammos. Balances with agate knife edges and 
planes are preferable to those uUh steel knife edges. Tbe 
former, however, need careful handling and should be provided 
with cases glazed all round and with sliding fronts. 

Balances for chemical work should be sensitive to 0'002 
grammes and, as they are dlstorbed by the slightest current 
of air, should be prOMded with cases, iho door of which can bo 
smoothly and easily moved. Balances with agate knife edges 
used for chemical work should have a carrying capacity of 12U 
grammes in each pan and be provided with a box of weights, 
tbe smallest being O'OOi grammes. More delicate balances 
are not needed in a high school. Economy of time and appara- 
tus being important factors in practical work, only small 
quantities of substances will Lave to be dealt with and rougher 
balances will not be uscfnl. 

Cases for balances should bo made of teak w’ith glazwl sides, 
and should fit the base board of thehalauco and sit ou it leav- 
ing tbe handle for arrestment outside the case. Sometimes 
larger cases than are necessary arc mado and tho balances aro 
left inside, tbo base board of the balance being independent of 
tbo case. With such cases the balance is apt to bo sliiftc<l 
when bandied and the lero point is disturbed. They aro not 
I'opular with pupils. 

A common variety of sliding sashes in balance caves is 
provided with metal stops. Theia sivIkm c.m bo pushed jq* 
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wjtlj 01)0 hajul, Ijtit holJi Iianila liavo to l;0 used in letting them 
down, Anotlicr vnrioty linn balancing weights for the sashes 
Olid can hu moved with ono hand. A third variety contains 
01)0 or two roeesBCa in fho framo for the sash #o enable it to he 
lifted up and held in poaition (figure 10 ). The last men* 
tinned vaiioty <inn lio oasily inndo and handled. Onestepinthe 
mfddlo of till] framo will stiffico for all practical, purposes in 
high srlionla. 

Ibilniiccs Nlioiild bo pl.iccd on shelves fixed to brackets 
in tlje walla and ahoald bo iiidejHsndent of the tables placed 
below Ihoiii. Sometimes they are placed on tables, biitthis-is 
not deaimblo. M' hen hahanoo cases arc arranged in a row, they 
ehoiild ho at a Bufficiciit height to enable pupils to stand and 
use them. Tho scalo in the bahneo over which the pointer 
moves sliQuId be n littlo lielow tbo level of the eye. There 
ehonld ho plenty of light in tbo room and as far as possible no 
sliadowa should fall on tbo balances. Cases should be so 
annngcd as to allow at least feet of space for each pupil- 
^Vliuro brackets aie fitted, tables with cupboards may be placed 
below them (figure 1 ). The table top may be u&ed for note* 
books aixl boxes of weights ti'hen the hsiances are being* used. 
It is advisable to fix a rounded fillet along the back of tbe shelf 
aud the back of the table to prevent tbo small weights from 
slipping down between the shelf and tbe wall or tbe table and the 
wall. Drains near by ebould bo covered with planks. 

Tho number of balaocea supplied for the uso of a class should 
he at the rate of one for every three pupils. 


Demontlralion Talle and Atcetiories. 

Xaeh practical class should have a high table for the teacher 
to perform experiments on. It should be at least Z feet broad 
and C feet long, with a water tap and sink at one end, and 
hbould he provided with drawers for the teacher's hooks, class 
notebooks, etc. It should stand on a low platform J foot high 
A recess running along tbe whole length below the table top 
mil bo useful for slorioff forig (obes, ciarfs, maps, ofo wbicb 
cannot bo n.nallj accommodalcd fa ordimrry cupboards and 
drarvers. (See plate The domonstation table sbouM bo 
placed as to command a rfa,, „f ft, p 
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space between the talilo and tlie ;tran fhoulil Ixsat leail i f^t. 

A sbelt for glass tubes, flasko, etc., re<inircd for dcmonstrallnn 
and for reagents should be close at hand, also another rlnV for 
washing the rarious kinds of apparatus. Xcar by or altaehrd to 
the tablet there should he a ahclt where pupils may keep Ihcir 
laboratory records. There should l>o a blackhoanl|at leait 4 ft. 
by C ft. just behind the teacher. 

Laloratory Statt. 

High stools are usually provided for the pupils at their 
■working benches. Their height is adjusted to that oC the hcnch. 
** The seats ate not provided with hacks or fide rests as such 
additions interfere with the free inovcroent o! the pupil at the 
table. They are made with a hroad base and a narrow top to 
ensure steadiness, and for ease lo baudling a curr’cd bole is made 
in the top. The stools when not in use should be placed in the 
recess in front of the cupboard. They may bo cattied hy the 
pupils to the single work benches round the demonstrallon Uhle 
during teaching lessons and brought back at the end of the 
lesson- (Tho plan of a stool is given In Plate 8.) 

Stools whose helghtscau be adjusted hy screwa (fig. lit) 
are sometliues provided lo meet the reejuirements of different 
pupils, hut, as the screws begin to rock in their nuts and tho 
seat becomes unsteady they are not recommended. In provid- 
ing laboratory seats and benches a judicious compromise has to 
be made between the needs for (1) fr,*e movenent, and (2) 
comfortable postnre in sitting, and in standing while perform- 
ing esperimentg. 


. irall Cnj>loaTd» for ^pparafwj. 

The physical apparatus should he arranged according to some 
system of classification in cuph^rds placed along the wall. 
The dimensions and plans of such cupboards are given in plate 
"Ko- 1C, The usual height of these cupboards is the same as 
that of the working benches. Tall almirahg along the walls 
are not recommended as they interfere with the wall space so 
much needed for various purposes, and extra table space which 
is often, tequired by the pupils is curtailed. The cupboards 
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should ^have teak and not glazed shutters. It may be noted 
here that glazed shutters should not as a rule be used at less 
than 3 ft. from the floor. Some of the cupboards may have 
open shelves with table tops in which the most frequently 
needed apparatus in the laboratory, e.g., tripods, blocks of 
wood for adjusting levels, aetna burners, etc., and general stands 

maybe placed. All cupboards with shutters should be provid- 
ed with locks which can be opened with a common key. The 
cupboards should fit into the space between the windows and 
doors. One or two alcntrabs with glazed shutters for the upper 
and wooden for the lower half may be put on either side of the 
demonstration table to bold special apparatus required for« 
demonstration work. They may be 2 ft. deep at the bottom, 
ft. at the top, and 7 ft high fhe tops should be flat. 

Draxm. 

The drains should, as for as possible, be of an open type" 
with iron gratings to cover them They should have smooth 
aides and surfaces and should have a slope of .about I inch in five 
feet. When drains are ent in an upper floor the slope will have 
to be much less, or special drain pipes will have to be fitted to 
working benches above the floor level. The section of the drains 
cut in the floor should be semi-circnlar with giooves at the top 
(fig. 13) to carry the gas and water pipes of the laboratory, 
or cross planks may be provided as biidges at iutervals (fig. 
14) along the dram with depressions in them to c.arry the 
pipes. In figure IS, is shown Id section a terrace in which a 
drain is cut. "When a laboratory is located in an upper floor, 
the depth available for tbo drain is necessarily limited; the 
lead for the drains should therefore be as short as possible.- 
Tbe iwsition of tbe main drain leading from one floor to another 
will have to bo centrally located so that each tributary drain 
on the same floor Is limited in length. The surface of the 
drains should be water-tight and for this purpose it may be 
cemented. In the chemical laboratory it may be asphalted and 
tarred prriodically, or may Hired rritli tarred cement about 
1 in. thick. Sack drain. Innc been found to bo serviceable for 
many years. The gratings should bo made of cast iron pieces 
of not mere than 2 ft. in length, and i in. in Ibiekncss, so that 
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they mar bo easily Tcmove«l and (lie drains w««hcd and Ihc pis 
and water pipes painted. "Wooden coders for the drains arc no*, 
recommended as tbey warp. 

Vumc Cnploardi. 

Fume cupboards are enclosures within which operation* 
involving the production ot fumes and gases can be conducted 
without harming the ojierator or vitiating the atmosphere of 
the laboratory. They should be used in all chemical opemtions 
which involve inconvenience to the pupils at work in the 
laboratory. One or two fome cupboards at convenient points 
will be ample for elementary laboratories. 

When the number of cupboards is limited, one opening 
into the lecture room and into the practical class so that it may 
be accessible from both sides b recommended. Plans of two 
types of cupboards are given in plates 17 and 18. There should 
bo water and gas available at different points in the cupboard^ 
the surface of the table should be leadUned and the sides of the 
cupboard should be thickly paiated with non>corrosivo paints. 
The chimney must bo carried up to the top of the buildingj and 
it should be wide enough to have a good draught. Tbero 
• should be a gas jet fired at the top of the ventilating shaft ns 
near the exit as possible for staitiiSg the current. 

It should be borne in mind that in de-signing for fume cup- 
boards in the tropics, the outside air is warmer during the 
working hours than tbo inside air. Consequently it is moic 
difhcult to make an upward current in a vertical shaft by heat- 
ing the air from below with a small flame. The best result 
will be obtained when tho flame intended to start tho ventila- 
tion is as hear tbe exit, at the top, as practicable. A very 
good arrangement is* found in having a length of the iron flow 
pipe painted black protruding free into the air for 4 to 5 ft. 
This length gets very hot indeed in tho sun and the upward 
draught produced in consequence is found to be consider- 
able. 

Fume cupboards arc generally placed on the face of the wall 
or in reees-ses especially provided for them. Occasionally they 

are constructed in front of the windows but this arrangement 
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has the disadvantage of mferferiag'witli the free ventilation of 
the room when the cupboards have to he used frequentlj. lo 
High Schools portable cases for fume cupboards •frill tend to 
reduce the cost of the fittings and will facilitate laboratoij' 
uork. In elementary chemical laboratories, every batch of 
three pupils should be provided with such a case. I'ig. 5 gives 
the plan of a fume cupboard case. It will be observed that 
the dimensions of the case (1 ft. X 3 ft. X IJ ft.) are such as 
to permit of its being easily removed to verandahs when it has to 
be used and stored on wall shelves at other times. 

The size of wall -fume cupboards should be decided upon 
with reference to tbe space required for manipulating the appa- 
ratus that may. be place<l in them. Those used for advanced 
work and by teachers should not be less than 3 ft, broad and 
4- ft. long, , The front of tbe fume closet should be capable of 
being easily raised or towered with one hand as the other hand 
will often be engaged to carrying apparatus to be placed within 
Glazed doors binged at the sides so as to project outwards when 
open are very inconvenient. They also interfere with the 
regularity of the draught. 

Tbe top and sides of the cupboards should be glazed so as to 
admit plenty of light into tbe closet. Glazed bricks or tiles 
are sometimes used to line tbe wall at the back of the cup- 
board. 

Various materials are used fur the bottom of the closet sueb 
as slate, stone, lead and glass. It should be borne in mind that 
it has to resist the action of various chemicals and fumes and to 
withstand considerable heat from gas burners, etc. A lead 
surface becomes uneven after use for some time and presents a 
•dirty oppearanco. When there is continued intense heating, a 
stone or Cuddapah slab cracks. 


X). Grre of Ihe lalom/off /nmiture and fitfinss. 
Attention lo t!.o Mloiring poinis nin 7 h> found neefnl- 

1 . patch., arefomed„n(aUe('op,l,,- 

Ihc .Wpmg ot hot ,nl« nnJ Mlnlion, of v„;oo., 

practical n-orh. The ...rf.co may he r«W to it, orWnal 

gto» and timform coW hy aandpapering the dfecolonted pitch 
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and a little space all round it and iwinliii" on a little bIicIUc 
Tumish. The >anu«h is prepared hy putting the following 
mixture* in 2 lbs. of alcohol and shalcing it frofj«>enlly for tlie 
first two or three days till all the resin dissolves. The prepara- 
tion is hastened by exposure to sunlight. The mixture tihould 
he shahen every time before use. 

2. Use of Atltiloa Hoards - — By the intense heat radnlwl 
from Bunsen burners and stoves, varnished table tops hecoino 
rough in appearance and the snrfaco varnish turns hback. If not 
carefully attended to, the teak surface becomes charred in course 
of time. In eases when heating forany length of time is neces- 
sary, the homers and boilers may be placed on small asbestos- 
lined tin plates. These may be used also for placing hot vessels 
on. The special tables used for blowpipe work should have 
asbestos hoards fi.xed on their tops. 

3. It often happens in chemical work that 
strong acids when being boiled splash on the table and char the 
surface. Pupils should be Instructed to wash the acid at once 
into the sink. ^Yben large qaantUics happen to fall on the 
table, laboratory attenders should be called upon to do tho 
crashing. "When bottles contairring strong acids have to he 
brought to the tables, they should invariably be placed on glazed 
porcelain acid trays and not directly on the tables. In chemical 
laboratories drain pipes from sinks should lead into sinks with 
syphon outlets and not directly into drains. This will ensure 
the dilution of any strong acid before it reaches the drain. 

4. Polishing metal taps . — Taps made of bright metal should 
be cleaned with metal polish every .week or painted with white 
metal paint periodically. 

5. Painting Reserroirs . — ^^'ater tanks should be painted 
both inside and outside, and if situated near trees should he 
provided with covers to prevent leaves and twigs from falling 
into them. After long vacations, during which water is not 
tised in the laboratory, it is often found that the taps are clogged 
owing to incrustation of chalk. To prevent this, the tank 
should ho kept full and water should he drawn through the taps 
occasionally. 

6. iJrai*/.— These need constant attention. The gratings 
covering thorn shonld occasionally be removed and the surface 
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of the drain cleaned. Any intiing of the surface which may 
occur in a chemical laboiatoiy ehould leceive early attention and 
he repaired as soon as possible. The accumulation of dirt 
lound pipes laid at the sides of tbe drain should he prevented 
and the wooden cross reepers, if used to support the pipes, should 
he periodically painted to prevent rotting. 

7. Wash fai the blackboard . — Stir spirit varnish with a 
little lampblack and flour of emery. No more lampblack, and 
emery should he used than are suflicient to give the black 
ahiading surface. The thinner the mixtuie the better. Lamp- 
black should first be ground with a small quantity of spirit 
lainish or alcohol to fiee it fiom lumps The composition 
should he applied with a common paint hiush to the smoothly 
planed surface of the hoaid. The surface of tbe board should 
he thoroughly diy and Laid before it is used. It may be rubbed 
down w ith pumice stone if too rough. 

8. Lalo}atort/ dtscijdtne — A set of rules of* laboratory 
discipline some of which are given below would increase the 
a\eiago life of the equipment ami also the necessary habits aie 
more easily and more cheaply learned at tbe earlieit possible 
stage 

1. Eveiy student should have a seat assigned to him in the 
khoratoiy wbeio be will usually |>eiform his expeiimeuts. 
(Tbe seats siiould be consecutively numbered aud the numbers 
should he jnomlnent). 

2. A student should not usually culei the laboratory loom in 
the absence of Lis te.ichci or the attendant in charge of the 
room (The shelf iutended for placing lecord books of pupUg 
should be close to the entrance into the laboratory so that the 

books may be put in or taken out without any kind of distur- 
bance.) 

a. A .luJcnt never len.o liia scat to roam nbont 

otter his tcorlier tor intoi motion, orfatalas, chemicals, etc 
(Tlio teacher shouHstoi.tlm tendency at tlio outset; he must 
mate the stndont put up his hand or otheruisc attract the 
attonljon of the teacher and then axvait his turn.) 

d. -\. *tudcnl should not start neighing tmtil he bus nscer- 
lamed that merrth,,,; is in onler, ali tl.o .voighls, foreops, ole., 
are .a their ri^-ht posilioas ia the hai and the balance pan. 
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dean. (If be starts anylliing ho should be held responsible for 
all deficits and deficiencies. This should bo an inflexible rule 
rigidly enforced.) 

5. No bottle for stopper) IS caret <0 be placed on a table or 
I'onch or anj where except in iU proper place on its shelf and 
these should be in their places ioimc<liateIy after u<c. (Other- 
wise the stoppers got mixed up and the place looks very untidy. 
Bottles and their stopjwre should ho numhered with corrosive 
ink specially prepared for gla««, containing a preparation of 
hydrofluoric acid and then the right stopper of each hottlo c.an 
always he found). 

C. IVaste filter papers and burnt mal''he< should never be 
thrown into sinks. Matches should he blown out cool hefo»o 
being thiown into waste boxes 

7. A piece of asbestos millboard, say 8 in. by 8 in., shotild 
always be in use on each bench and nothing hot sJiouJd ho ever 
put anywhere except on the ashestos. 

8. ScrilbUng figmes on tables, diawing lioards, on uhIIk and 
loose sheets of paper showld never bo permitted. (All culciiilntions 
should he done in the laboratory note book.) 
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